Background: Oral health behaviours such as establishing twice-daily toothbrushing and sugar control intake need parental self-efficacy (PSE) to prevent the development of childhood dental caries. A previous study has shown that behaviour change techniques (BCTs) delivered via a storybook can improve parental self-efficacy to undertake twice-daily toothbrushing. Objective: to determine whether an intervention (BBaRTS, Bedtime Brush and Read Together to Sleep), designed to increase PSE; delivered through storybooks with embedded BCTs, parenting skills and oral health messages, can improve child oral health compared to (1) an exactly similar intervention containing no behaviour change techniques, and (2) the BBaRTS intervention supplemented with home supply of fluoride toothpaste and supervised toothbrushing on schooldays.
Background
Past caries experience in the primary teeth is the strongest predictor of caries occurrence in the permanent dentition [1] . The first permanent molar teeth, which are the most caries-prone teeth, begin to erupt after the fifth birthday and are mainly fully erupted during the sixth year [2] . They are most vulnerable to caries development within the first year of eruption [3] . Decay experience in these teeth account for the majority of decay in children and result in lifelong impacts and costs [4] . Therefore, preventing decay experience in these teeth would result in significant savings to dental service costs and enhanced children's oral quality of life.
Dental caries is an entirely preventable disease and there is comprehensive guidance on prevention for dental teams working in the National Health Service (NHS) in England [5] and in Scotland [6] to advise families on brushing twice daily with fluoridated toothpaste, controlling dietary sugars' intake especially at bedtime, and for those children at high risk, (e.g. with caries experience in primary teeth) to provide evidence-based clinical procedures including fissure sealants and fluoride varnish. National guidance has been developed for the frequency of dental attendance and recall linked to disease risk category [7] and a systematic use of risk categorisation is being piloted in the new dental contract in England [8, 9] . Dental caries preventive guidance is aligned with general public health recommendations for adopting a healthy diet low in free sugars to prevent obesity [10] . These general health messages and supporting skills are delivered in a wide range of both local authority and NHS programmes and settings.
However, there is strong evidence of stark oral health inequalities rooted in the social determinants of oral and general health. For caries development, the difference between a healthy state and disease initiation and progression relates to the balance between the amount and frequency of consumption of free sugars, and other potentially fermentable carbohydrates, that are metabolised by the bacteria in dental plaque producing acids as metabolic bi-products, leading to demineralisation of teeth and the presence of a favourable oral environment for remineralisation including adequate levels of fluoride [11] . In the absence of water fluoridation, the population approach to optimise fluoride exposure is through the establishment and maintenance of twice-daily toothbrushing with fluoridated toothpaste [12] . Both control of free sugars' intake, especially at bedtime, and twicedaily brushing rely on the development and maintenance of healthy routines at home from a young age. The likelihood of these occurring is socially and culturally patterned, and depends on parental self-efficacy to establish the behaviours [13] with a supportive personal and community environment that sees these as normal and provides the skills and materials to make these choices natural and accessible.
However, in socially disadvantaged communities, there are significant barriers to establishing healthy behaviours and providing supportive community environments, leading to oral health inequalities, and unequal uptake of dental care. Bringing preventive methods into school settings can be an effective route to supplement and support behaviours and care, which may not have developed into consistent daily routines at home. Providing a home-to-school support programme can promote the development of oral health [14, 15] . The consequences of dental caries in schoolchildren manifests in pain and sepsis; lost days from school for children; and from work for parents and carers [16] . The effects of poor dental health in primary school children impact daily living and functioning; cause lost time and concentration on learning; increased costs to primary medical and dental care; and for those worst affected increased hospital costs due to dental extractions under general anaesthesia (GA) resulting in short-term and lifelong impacts [16] [17] [18] [19] . Therefore, approaches which only treat the symptoms of the disease are costly both to individual children and families, and also to the NHS.
Different methods of primary and secondary prevention are advocated [11] . A medical model approach seeks to identify those at high risk of the disease and treat them, as with the approach to high serum cholesterol [20] . A population approach seeks to change the ambient environment both in terms of reducing the availability and acceptability of foods and drinks containing free sugars (e.g. by increasing their cost) and by enhancing community availability of fluoride (e.g. by increasing use of fluoride toothpaste through community programmes). The former, medical model approach would require a commissioner of NHS dental services to consider how dental contracts might be structured to enhance access to services and provide care. The latter, population approach, might engage local authorities (in England) in deciding on the type of community intervention to support to promote the oral health of schoolchildren. It is, therefore, critical to determine both the cost and effectiveness of different approaches, particularly in an environment of limited resource where there is a need to optimise investment. There is limited information available of the highest quality to accurately inform this choice for those commissioning services in these disadvantaged communities [21] .
The design of this study has been based on the results of a major international study which indicated that the most significant variable predicting whether children were most likely to be caries-free was parents' perception of their ability to successfully deliver child toothbrushing and control of sugar eating and drinking ('sugar snacking') behaviours, i.e. parental self-efficacy [22] . A previous proof-of-concept study by the authors has shown that a storybook approach can be used to improve parental self-efficacy to undertake twice-daily toothbrushing [23] . The age of the children at commencement of this trial has been chosen to be 5-7 years. Children begin school in the UK at age 5 years, and between 5 and 7 years their first permanent molar teeth erupt [24] . Therefore, an intervention study conducted to include this post-eruption period provides a pivotal time to evaluate primary prevention of dental caries in permanent teeth.
Aim
The primary aim of this research is to determine whether children's dental health can be improved by increasing parental self-efficacy using a storybook approach for two child behaviours: toothbrushing and reducing consumption of free sugars. Specifically, with the following objective:
Objective
To determine whether an intervention (Test group 1) designed to increase parental self-efficacy using a storybook approach with embedded behaviour change techniques (BCTs) for two child behaviours (toothbrushing with fluoride toothpaste and reducing consumption of free sugars to within recommended levels [25] , especially at bedtime) can improve child oral health compared to (1) an exactly similar intervention without embedded BCTs (Active Control) and, (2) the intervention (Test group 1) supplemented with home supply of fluoride toothpaste and supervised toothbrushing on schooldays (Test group 2).
Research questions
Can child dental health be improved by increasing parental self-efficacy using a behaviour change intervention delivered by storybooks for two child behaviours: toothbrushing and 'sugar snacking'? (Control versus Test group 1) Can child dental health be improved by an enhanced intervention designed to improve parental self-efficacy using a behaviour change intervention delivered by storybooks for two child behaviours: toothbrushing and control of 'sugar snacking' plus home supply of fluoride toothpaste and supervised toothbrushing with fluoride toothpaste at school? (Control versus Test group 2) Does the addition of home supply of fluoride toothpaste and supervised toothbrushing with fluoride toothpaste at school increase the effectiveness of an intervention designed to improve parental self-efficacy using a storybook approach for two child behaviours: toothbrushing and 'sugar snacking'? (Test group 1 versus Test group 2)
For a sub-study of the main study:
Does an intervention designed to improve parental self-efficacy using a behaviour change intervention delivered by storybooks for two child behaviours: (toothbrushing and 'sugar snacking') result in changes to parental-reported child consumption of free sugars? (Control versus Test group 1) Does the addition of home supply of fluoride toothpaste and supervised toothbrushing with fluoride toothpaste at school increase the effectiveness of an intervention designed to improve parental self-efficacy using a storybook approach with embedded BCTs for two child behaviours (toothbrushing and 'sugar snacking') result in changes to parental-reported child consumption of free sugars? (Test group 1 versus Test group 2) Does an intervention designed to improve parental self-efficacy using a behaviour change intervention delivered by storybooks for two child behaviours (toothbrushing and 'sugar snacking') result in changes to the cariogenic profile of children's microbiota? (Control versus Test group 1) Does the addition of home supply of fluoride toothpaste and supervised toothbrushing with fluoride toothpaste at school increase the effectiveness of an intervention designed to improve parental self-efficacy using a behaviour change intervention delivered by storybooks for two child behaviours (toothbrushing and 'sugar snacking') result in to the cariogenic profile of children's microbiota? (Test group 1 versus Test group 2)
Methods/Design
This is a three-arm, multicentre cluster randomised controlled trial (RCT), with blinded outcome assessment.
Ethics, consent and permissions
Research ethics and governance approval has been obtained for this study from the Queen Mary Research Ethics Committee (ID: QMREC2013/43). Informed consent will be obtained for each participant.
Main study sample and recruitment
Participants will be identified from primary schools in England and Scotland, whose head teachers have agreed to participate in the study. At the beginning of the school term parents of all children entering class 1 (5-6 years) will be sent an information pack and informed consent document via schools. All participants will be given reasonable time to consider the study and discuss with their family. Members of school staff will be able to answer questions and contact details for the study team will be on the information sheet.
Parents who complete the informed consent document and return it to the school will be given the baseline questionnaire to complete and return to the child's teacher.
Inclusion and exclusion criteria for main study
Inclusion criteria: children, aged 5-6 years, who are attending state-maintained primary schools in Kent and Newham in England, and Tayside in Scotland in which the school head teacher has given permission for their school to be included in the trial will be included in the study, subject to their parents giving written consent.
Exclusion criteria: children of the same age, in the same schools for whom parents have not given written permission for their children to take part.
Sub-study sample, recruitment and data collection
Parents of participants in the schools in Tayside, Scotland who are already participating in The BBaRTS trial will be sent an information pack and informed consent document for the sub-study via schools. The substudy will seek parental consent for collection of data on food and drink intake over a 3-day period using the Intake24 multiple-pass 24-hour recall system (https://intake24.co.uk) [26] or as a paper-based 3-day food and drink diary (to be entered into Intake24 by the researchers). Children will be included in the sub-study, subject to written parental consent; and will be excluded from joining the sub-study in the absence of written parental consent. In addition to parental completion of a 3-day food and drink diary, children included in the sub-study will also have a sample of unstimulated saliva collected at baseline and study end (after 2 years). It is expected that the Scottish cohort of the trial will include around 400 children and it is anticipated that about 50 % of their parents (n = 200) will give consent to join the substudy.
The saliva samples will be collected using the following method. Sterile collection bottles will be prepared with a label affixed with the child's identification (ID) number. The research dental nurse will have three items for each subject: a pre-labelled collection bottle, a sterile pipette and a small sterile sample bottle. The nurse will visit the schools and bring together, in small groups, the children from whom a saliva sample will be requested. Each child will be given a collection bottle and, under nurse supervision, the top of the bottle will be removed. Each child will be asked to lean their head forward and dribble saliva from their mouth into their collection bottle. No stimulation will be provided in the way of paraffin wax and children will be asked to gently drool the saliva naturally collecting in their mouth rather than spitting. Tissues will be provided to the children to wipe off excess saliva from their mouths. Once a sample exceeding 1 ml has been collected in the bottle, the research dental nurse will screw the top back onto each bottle. Any child who cannot provide a sample will be given extra time but if no sample is forthcoming, the child will be excused the collection and reassured. The children will be escorted back to their classroom and, before leaving the school, the nurse will pipette 1 ml of saliva from the collection bottle to the child's small sample bottle, which the nurse will label with the child's ID number. These small sample bottles will be put into a rack which allows the sample bottles to stand upright and be stored individually. The lid of the rack will be closed forming a container which will be put into a freezer box, which will contain frozen blocks. The freezer box will be transported back to the clinic base where the containers with the samples will be placed in a domestic refrigerator and transported under dry ice to the laboratory within 2 days. All samples will be placed in a freezer in the microbiology laboratory at −80°C
Data collection for main study Primary outcome
Dental caries experience in permanent teeth at age 7-8 years.
Dental examinations will be conducted in the child's school. The examinations will be conducted by independent dental examiners, trained in standardised dental epidemiological survey techniques [27] and blinded to the group allocation of the school. Dental caries experience on any surface in either dentition will be recorded. All children will be examined using sterilised or single-use mouth mirrors, Community Periodontal Index of Treatment Needs (CPITN) probes, a standardised dental examination lamp (2000 lux) and cotton wool rolls as needed.
This assessment will be analogous to national dental screening in schools, which is a simple visual assessment of the child's teeth. Children will be asked to assent to the examination. Any child who does not assent and refuses to have their teeth checked will remain in the study and will not be excluded; the dental examination data will be recorded as missing data for that assessment. Teachers and parents will be informed prior to each assessment that these assessments are a simple observational screening and are not a replacement for the children's dental examinations from their family dentist.
Secondary outcomes
Dental caries experience in permanent teeth at age 6-7 years (midpoint).
Oral cleanliness will be measured by plaque assessment on the buccal surfaces of upper anterior teeth at dental examinations [28] .
Parents/guardians of children will be asked to complete a questionnaire pack at baseline, 1 year and 2 years post enrollment. This will be sent home and collected via the school. Questionnaires will take approximately 20 minutes to complete, incentives for completion of questionnaires will not be offered. Measures at 1 and 2 years will be secondary outcomes.
Oral Health Behaviours Questionnaire
This is a validated measure examining parental attitudes, beliefs and behaviours towards dental care and includes parental self-efficacy [ Sub-study outcomes
Measurement of free sugars' intake and other dietary variables.
Intake24 will be used to collect dietary information from a sub-sample of the study population. Intake 24 (https://intake24.co.uk) is a participant-completed computerised dietary recall system based on multiplepass 24-hour recalls. In this study it will be used to collect dietary information over three consecutive days. From this, the energy intake (kcal/day) and the daily amount (g/day and percentage contribution to total energy intake) and daily frequency of intake of free sugars, the percentage contribution of specific food sources to free sugars' intake will be derived. The intake of milk and intrinsic sugars (g/day and % energy), total sugars (g/day and % energy) intake of processed starchy foods (g/day and contribution to energy intake), intake of staple starch rich foods (staples) (g/day and % energy) will also be determined. The contribution to intakes made by defined food groups (e.g. biscuits and cakes, confectionery and drinks) will be determined.
Profile of oral microbiota, specifically
Streptococcus mutans, lactobacilli and other caries-related bacterial taxa.
DNA will be extracted from unstimulated saliva samples and V1-V2 of the 16S ribosomal RNA genes of bacteria in the samples will be sequenced by means of the Illumina MiSeq platform using a dual-indexing barcoding approach. Sequencing will be performed using a 2 × 300 flow cell for paired-end sequencing. Sequences will be analysed using the mothur pipeline [31] , following the MiSeq SOP. Operational taxonomic units (OTUs) will be constructed at the 98.5 % similarity level. OTUs will be identified with reference to the Human Oral Microbiome Database reference dataset [32, 33] . Distance matrices, generated with the Jaccard Index and thetaYC metric, will compare sample β-diversities based on OTUs and visualised as dendrograms and three-dimensional Principal Co-ordinates Analysis (PCoA) plots (generated in R). Analysis of Molecular Variance (AMOVA) will be performed to determine if clustering patterns seen in the PCoA plots are statistically supported by differences in the distance matrix. Differentially abundant OTUs between patient groups of interest will be identified using the LDA Effect Size (LEfSe) algorithm [34] . Proportions of mutans-group streptococci, lactobacilli, Bifidobacteriaceae and Propionibacterium acidifaciens will be compared across intervention groups using appropriate statistical tests depending on the data distribution.
Randomisation
Following the collection of consent forms from parents and collection of baseline dental and questionnaire data, schools will be randomised to Test group 1 (test books only), Test group 2 (test books and fluoride toothpaste), or Control (control books). The study flow in each group is presented in Fig. 1 .
Randomisation will use block randomisation stratified by recruiting area, with variable block sizes.
Interventions Storybooks
A series of eight children's books have been developed specifically for this study by a psychologist, public health dentist, science writer, children's author, illustrators and with guidance from Department for Education (England) (DfE). These test books have the same animal characters in each story and contain dental health messages, parenting skills and BCTs embedded within to promote good oral health day and bedtime routines focused on controlling sugar intake and toothbrushing according to recommended levels [25] as well as reading (BBaRTS Programme: Bedtime: Brush and Read Together, Sleep). The books are designed to be read by parents to their children at bedtime. The books include behavioural and coping strategies, which are designed to target an increase in the parent's confidence (self-efficacy) to adopt and routinise oral health behaviours for their child. Children in Test group 1 (test books) and Test group 2 (test books and fluoride toothpaste) will be given the eight books which will be distributed at 3-monthly intervals across 2 years of the study, i.e. one given to each child to take home each term of school.
Children in the control group will be given the series of eight control books, which have been developed to comprise exactly the same stories and illustrations but which exclude the specifics on oral health messages, parenting skills and BCTs. These storybooks will be given to the control group four times a year, in the same manner and frequency as the test books.
All parents will be sent a letter with each book, explaining that books are intended to be read to their child before bedtime.
Fluoride toothpaste and toothbrushing
Daily toothbrushing will be carried out at school for children in Test group 2 (books and fluoride toothpaste). The school will be provided with age-appropriate toothbrushes and fluoridated toothpaste (in line with Delivering Better Oral Health (DBOH) guidelines [5] ). A brushing supervisor will be trained in school brushing methods in each school, including equipment storage and Case Report Form (CRF) completion. Children will also be provided with toothbrushes and fluoride toothpaste to Supplementary toothbrushing charts will be provided to support the home brushing component.
Sample size
Previous study and pilot study data on similar populations have shown that there is likely to be virtually no caries in first permanent molars at baseline, and most teeth will be unerupted [15] . As the study is cluster randomised, the intra-cluster correlation coefficient (ICC) must be considered when calculating sample size. Few estimates of school-level ICC are available for dental data, so a value of 0.01 was used, based on unpublished data collected by the authors. To allow for participant dropout and non-consent, it is assumed that an average of 30 pupils per school will participate and have primary outcome data available at study end. If the caries incidence in the control group is 35 %, the observed value in a previous study in a deprived population, a sample size of 19 schools per group allows detection of a reduction in caries to 25 % incidence in the test groups, with 80 % power, overall α = 0.05 (adjusted for multiple comparisons), and ICC = 0.01. For caries incidence in the control group of 20 % (the approximate value observed in the pilot study); the same sample size allows detection of a reduction to 12 % in the test groups. To allow for potential withdrawal of schools, one additional school will be recruited in each group; therefore, 60 primary schools will be randomly allocated to three clusters, taking area into account. If the assumption of 30 pupils per school holds, this will give a total sample size of 1800.
Method of analysis
A detailed statistical analysis plan will be prepared prior to data analysis. Comparison of the primary outcome variable between the groups will be conducted using multilevel logistic regression analysis, to produce estimates of odds ratios and confidence intervals, adjusting for baseline characteristics deemed to be potential confounding variables, and allowing for clustering effect. The closed testing principle will be used to ensure a familywise error rate of less than 5 %. If the overall null hypothesis of equality of all three groups is rejected at α = 0.05, then pairwise comparisons between groups will be carried out at α = 0.05. If the overall null hypothesis cannot be rejected, no pairwise comparisons will be carried out. The potential confounders will be specified prior to analysis, and may include deprivation, age, sex and eruption status. Comparisons of secondary outcome variables between groups will be carried out using multilevel logistic or linear regression, as appropriate. Sensitivity analyses of the possible effect of missing data will be carried out using multiple imputation techniques. Reporting of the trial will follow the Consolidated Standards of Reporting Trials (CONSORT) guidelines extension to cluster trials [35] . Independent analysis will be undertaken by psychologists not involved in the development of the books. A Delphi method will be used to validate the behaviour change techniques delivered by the intervention [36, 37] .
Discussion
The process for development of the intervention A multi-disciplinary team was established at Queen Mary University of London, Barts and the London Institute of Dentistry to develop the BBaRTS (Bedtime Brush and Read Together to Sleep) Children's Healthy Teeth Programme. Continuing on from previous work [23] the team wanted to develop attractive, colourful, age-appropriate storybooks as the platform for delivering behaviour change to parents to enhance their self-efficacy in relation to their child's twice-daily toothbrushing and control of 'sugar snacking'. A review of children's storybooks in relation to oral health has been undertaken and most focused on visits to the dentist with little to no reference to preventive behaviours [23] . Therefore, it was decided the focus of the books should incorporate preventive oral health behaviours and developmental changes (e.g. toothbrushing with fluoride toothpaste, controlling sugars in children's foods and drinks; and losing primary teeth and growing new permanent teeth). Within existing children's stories sustained situational interest can result in children developing a greater interest [38] ; therefore, it was decided that a series of storybooks, revisiting the same characters would sustain the greatest level of interest. Previous research suggests that 6-to 8-year-olds prefer cartoons [39] , so the style used was that of cartoon characters with vibrant colour schemes to attract young readers. It is noted that the books are designed to be read by parents to their child.
Initially two stories were written (Miles Salter) and illustrated (Pony Ltd.) in line with the brief above. Storybook 1 depicted anthropomorphised animal characters (frogs), Storybook 2 used illustrations of children dressed as animals (elephants). Both stories had easy-to-read, culture-neutral named characters, depicting toothbrushing behaviour and healthy food choices as a normal part of an exciting adventure story. To evaluate the appeal and acceptability of the storybooks, the research team organised focus groups in two London schools, with teachers and parents as well as children in class 1 (aged 5-6) and class 2 (aged 6-7), all of whom evaluated them.
Following analysis of focus group results and feedback it was decided that Storybook 1 should be taken forward as a concept for testing. In collaboration with literacy advisors at the DfE, the first two storybooks of the series of eight were written by Miles Salter (published author of children's books), Sai Pathmanathan (science educator), Cynthia Pine (Professor in Dental Public Health) and Pauline Adair (clinical and health psychologist). Illustrations for the book were developed with local illustrators (Pony Ltd.) (http://www.ponybox.co.uk/), experienced in children's education and research materials.
Literacy advisors at the DfE supported the development of the books and provided advice about the phonics, rhyme, rhythm and repetition and framing of the stories around events in children's lives. They advised that the books were not suitable for children to read alone, due to the reading level, but supported the books as those to be taken home and read by parents to their child at bedtime. This aligns with existing literacy schemes in schools by encouraging children to read with parents at home. DfE colleagues recommended questions and information to guide the adult readers. These were subsequently added to the back of the book. Advice was also taken on the ageappropriateness of the book content and how this should develop over the series of eight books as the children get older and their cognitive development changes.
A proof-of-concept study was conducted with the first storybook in four primary schools in London UK, with a range of socioeconomic profiles. Schools were selected by the DfE and consultants in dental public health colleagues. The schools were all in inner London with a very considerable range of diversity and significant numbers of children and families whose first language was not English.
On completion of consent forms children (n = 144) were given a unique ID number, which was used for the duration of the study. Parents were given baseline questionnaires, adapted from existing oral health behaviours questionnaire [13] and reading scales [23] to complete and return to their child's teacher. On return of the questionnaire each child was randomised to group 1 (Test) or group 2 (Control). Children in group 1 were provided with a copy of 'Boom and Bang with Zip and Pop' [40] . Children in group 2 (Control) were given a copy of 'Giraffes Can't Dance' [41] , a popular children's storybook containing no dental health messages, but a positive story containing animal characters involved in dance. After 1 month all books were collected and an endpoint questionnaire was handed out to all parents of children enrolled in the study. Additionally, five focus groups were conducted in two of the schools to explore the children's (n = 28) opinions on books 1 and 2 of the 'Zip and Pop' series and the outlines for the remaining books in the series.
In all, 105 families completed the study, 54 in the test group and 51 in the control group. Seventy-one (68 %) of the families were of non-UK origin, 34 (63 %) in the test group, and 37 (73 %) in the control group. On a five-point scale (1 = strongly disagree; 5 = strongly agree), most families found the stories in both books were well-understood (mean (SD) 4 The books were both well-accepted and the children were very reluctant to return the test books at the end of the study. Parents accepted the study principles, were willing to be randomised to groups and welcomed the opportunity of receiving free storybooks. The community engagement to the feasibility study was deliberately challenging in terms of testing feasibility of an intervention set in English. Discussion with teachers and assistants identified that the schools had chosen to send home all school material in English as a mechanism to promote engagement with language development. The schools had developed extensive systems to support English language development. It is evident from the results of this study that taking the books into a substantive trial is feasible, that although there are challenges in using this medium for behaviour change for non-UKorigin families, the support systems within schools provide a mechanism to enhance engagement with reading.
Trial status
This trial is currently recruiting participants. 
